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ABSTRACT

The corcept of DBM™S architecture #ad>pliyed an important role in
the design, analysis, ang coaparison cf DBMSs as well as in the
cevelorment ot other database corceptse. The ANSI/SPARC
grctctypical database system architecture wds$s a g£ajor
contritutior in this cevelorment. The architecture raised many
issues, stimulatec considerable research, ang poseo a numter ot
new protlems, Since the basic forrulation 33A~ the ANSI
architecture, in 1974, Llittle consideration has—beep given to
resclving probleas and accommodating new and future developments.,
The main problems concern its unnecessary ridgidity.

‘The co-triputions ¢t this paper are a Jistinction between DBMS
framewcrk and DBMS architecture, and a functicnal 0BMS framework.
The framesork was developec using a fuhcticnal apprcach in which
3a QEMS is characterized atstractly 3In terms ot functional
compgcnents and their potential relationships. The acproach is
basec cn the noticns of mocdularity and o0ata abstraction as
cevelocea in software engineering and grogramming (anguages, |
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¢ INTRODUCTION

when designing 8 rew database managenent system (DEMS), its
functions, gcatabase model, architecture, ang languages must bte
cefirez, This inevitably deals with bcth logical and physical
asgects, the way cf titting together mcoules of the system in an

overalt systenm architecture. In earlier approaches, DE™S
architecture appears to have been inextricably tied tc the
chilcscphy and database model of the syster, Architecture has

been treateg as a pervasive feature cf a DEMS., The purpose ot
this puper is to distinguish a DD™S framework (which may be
considerecd, inforrmally, tc be an abstract characterization of a
0e»sS -~ its functicns, objects, and larcuage interfaces) ftrcm 4
0™t architecture (which isy again informally, the way that
mocules are assemplec to achieye a system that imclements the
features specifted in the framework), An  architecture
incgegerdent framewcrk is rdeveloped here to provide a ‘Letter
mechanism for comparing systems that purport to achieve the same
goals (but actually co not, tecause of their architecture).,

Fossibly tne most ciscussed DBMS architecture in the past five
years has been that propeocsed by the ANSI/SPARC ad hec group on

gatacase managemert, This group,y, ccnvenec in 1672, was
orizinzlly chartered by the American National Stancards
Institute-x3=-SPARC commitee to: Investigate the subject ot

datatase managemernt systews with the objective of determining
which, if any, aspects of such systems are at gresent suitatle
canaidates for the development of American National Stancards.

The major resuilt of the group was the so-called “three schemq
architecture, This was epitomized by the diagram (figure 1)
copied from the interim and final reports [ANSI 1775, Tsichritzis
eana klig 1978, The work has been characterized as "a database
system crototypical architecture” ir which 08MS functions were
cescrirea in a somewhat ag hgc fashion, alorg with a aiscussion
of an "apbstract implementation’”™, The grour was never in total

ayreement as to the language interfaces and architectures
fresentea in the report. The ¢inal report reflected more of a
consensus position without much of the ancilliary argument. 1in
conseguence, the report has been argueo, oiscussed, ana

interpretecd bty many who have only these reports as tackaracua
(i.2., 3 very small part of the work ot the group).

Eecause the "ANSI/SPARC architecture'” filled a gap or satistied &
chilcsophical neec of wusers and researchers, it has been
successful (as a3 <concept, if not as ¢ protctype for the future
imglementors). Houwever, the lack of clarity has Lled to some
substantial Adifferences; rmroreover there are problems with the
architecture (to be discussed lLater)., Jt seems that the protiems
ster grartly from the fact that ar architecture invclves
implementation Jetails. Thus, we reed a more abstract yet
trecise characterization of a 08BMS,




In tcthr cases, data semantics (logical properties of objects)
should be considered independantly of the under yiny
representation anc it shculd be gcssitle to alter the
representation without altering the data semantics. This has
teen rfpursuegd in programming Llanguages under the name dats
abstractign and in databases under the rame of data ingependence.

In this gaper, we apply these concepts to DBEMSs.

i, . R encie puv.
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1.1, Cetinitions cf framework and Architecture
A D3Y¥S framework is dgefined as:

A paradigm or model of the functicrs of a DE&EMS. The
functions may be defined 1in terms of tfunctional
components anc their possible relationships.

The cefinition is tased on the functional approach in which '}

comguter systems are characterized atstractly in terms of their

tuncticns. The imgortant concepts for the above definiticns are:

1. A functional definition s acre abstract than an

zrchitecture since it provides a specification of a class

cf possible architectures in whick the functions can be
implemented.

2e 3 DB™S is defined in terms of its functional components

which include the Languages used to express and initiate 1

the functicns (i.e., the syntax associated with the
component) and both the functions themselves and the
" ctjects they reference (i.e., the semantics of the

component). The objects are norwally items in groups of

cata that exist as input, output or in a database. A

, functional ccmponent can be viewec as an abstract machine,

i 1. The components are modules that encapsulate well definea
functions ard their objects (cata) 1in a self-containea
tnit. A comgonent is a unit of tltought or understanding.,

L. A garticular DBM®S will realize their functional components
as software wmodules, These <ccmponents wmay Lte either
integrated irtc one component or relatec through mapping or
transformaticns (c.f., database transformation crocesscrs
in the ANS]I architecture). In a framework, the potential
rather than actual relationships should be defineag, thereby
sllowing design variations for etficiency.

e The functions of importance in ccrsidering a DEMS framework
ire those thst are usec by humans ana pieces of software
‘rom the highest level applicaticn user down to the lowest
level machine interface through a number of functional
cosponents or abstract machinss,

€. Thre Llanguage provides the syntax used to express ana
initiate the functions on the <ctjects. Abstract syntax
{wcCarthy 10621 should be wused to avoid wunnecessary
cyntactic oetaile

A DBY%S Architectyre is defined as:

The details of the implementation cr realization of the
functional corponents c¢cf a particular DBM™S incluoing
the aggregzation or grouping of the functional
ccmponents irto system componerts as well as the
relationships between these components.




This definition assumes that:

1. ¢ frimework characterizes or specifies the furctional
components to be realized 1in 3 particular architecture.
There may te nmany architectures that ful filt the
specificatiors of a given framewcrk.

e The framework may be considerec as a specification of the
cthilosophy ard goals for a ©08BMS, while the architecture
represents the design of system components to satisfy
implementaticn cbhjectives (e.g., run time efticiency, ragic
response, tast recoverability, and protection against
security wviclation). Naturally, cifferent architectures
rrovige different likelihoods of aschieving the furctionally
cefined goals of the frameworke.

1ece The Need toc Separate Framework arc Architecture

A DE¥S framework can be usec to deternine whether a scftware
package is or s rot a DBMS (i.e., it cefires a class ct otjects
called PB%Ss). The framework says what is recyirec for a DEMS
architecture shows how this is implemented.

As already discussed, the concepts, terms, and implementation
features of DB“Ss are still evolving. They probatly will evolve
tor sowe substantial time, However, there has already been a
call for standardization of data manigivlation languages and data
gefinitior facilities (this in the USA is urcer ANS1 X3J4 CCEBCL,
#2J2 FORTRAN, anc XIH2 Data Definiticr Language Commitees). It
is wcrth asking now, how these efforts may affect the future --
anc inceed whether some aspects ¢! the stancards ccncern
architecture (which presumatly would be wrong since it specifies
how) rather than framework (which is allowabtle since it specifies
what)e. 7t is necessary to characterize 03¥Ss in an abstract yet
unicue way. A3y anslogy, the early development of prograsming
langraces nreedec the concept of a lsnguage transtator (as 1its
tramewcrk) to provide a methor for describing the implementation
of carticular compilers,

The re:sons for a3 CBMS framework are thiys:

1. o aid in uncerstanding 0BMSs, frcm a standpoint of their
cefinitional ang conceptual goals.

e 'O make it posible to define arc specify the neeas as the
‘irst ghase ¢t the design process.

e To allow the analysis of existing DBMSs at a high (evel ot
tunctionality rather than at the 'performance”" level.

4. To provide a means for futher research in topics such as
cata dictionary (meta data), magpings between cgitferent
ctjects (translation of data and meta qata), semantic
rfatabase modelling anc cistrubutec D0B¥Ss.

Se To rermit the abstract comparisor of DBM™Ss, incepencent ot
architectural details.

The main reason for a DMS architecture definition is:

b




e Yo crovide a uniform methoa for characterizing a particular
implementea (2mS.
However, when taken together, the fr:aework and architecture
alsc:
2. Allow study, analysis, and comparison of ditferent <[LBNSS
with and without architectural details.
kence a DAMS framework can bte used to ccorginate the develcgment
of cifferent DB™S architectures within ¢ family of DEMS stancarags
(esCey to achieve the needs of [Jeffery et al. 197G1).

It will be DOSsible to see whether new OBM3s tit within an
existirnga architecture, cr need a new dsfinition of the
architecture to al{ow the system to "fit" (e.Qey 35S CISCUSSEC in
{(Berg 16781), 1t will alsc te possible to investigate how a3 set
ot rather different implementations ¢t O0PMSs are simitar or
agiffer (€eQey an atteapt is now Lroer way by the author ang
others to compare cifferent “relationat" systems in order to
cetermine a nucleus of functions arc objects for a relatioral
pgm~s).,

It s interesting to note that the methcas of this apcer apply
elsewhere, The ewphasis here is on DEMS, tut the methoo apclies
to all automated information systess (and possibly wicer),
However, the following is the aim of the framework 3Iin DEMNS terws:

Tc reflect anc capture toth current state-of-the-~art
ard research ideas concerning (B®Ss, as well as to
suopart the evolution of 0BMS corcepts and new QOFMS
methodse

This aim is analogcus to the one in which programming Llanguage
techrology has beer captured and supported through the corcepgtual
languace transtatcrse. As an apparent tantclogy at present, but
exgarded in the (atter part of this pager, we cefine:

A DB¥S is 3 ccmputer based system that implements or
supperts database management turctionrs ogefinec Iin the
0D:¥S framework by means ot 3 coherent DeMmS
architecture.

Tele Celevant Research

The «ccncepts wunderlying the terms C(B™MS framework and DE™S
architecture nave figured largely in CE“S research, The idea of
surveying and analyzing DBMS features oricinated earlier, but
care to truition Iin the CCOASYL systeas committee work [CCDASYL
19¢%, 19712, This work was an attempt at learning the
similarities ang Jditferences betweer DBY¥Ss, Not the Lleast
grceles ir doing this was a cefinition ¢t the term DAMS itself,

o
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This werk gistinguished a two level "architecture": data
structures and storage structures,

In 167, the ANSI group started its work at the teginning cf a
cecace of rapiag development in the datatase area. The ANS] three
schena architecture, which was very intluential in the perioo,
wd3s used as a basis fcr: a “new generstion” of DEMSS I[Nijssen
1974, 19773, multicle view support [xlug anc Tsichritzis 15783,

intergrating prograaming ang datatsése languages n the
cevetocment of wuser interfaces [Date 1976), anma the develogpment
of cistribtuted DBMSs [xeil ang Holler 197873, Thecries ano

methcds of mappirg between conceptucl, external, and¢ internal
levels were develoreo [Paolini 1977,19E8(; klug 1973].

Since 1974 there have teen few contrititions to tramework ang
architecture issues per Se. However, it is now evigent, as
cescrited in the next section, that tte ANS] architecture is
inadeguate to accosmodate current DBMS concepts ang future reecs.
Hammer aryd MclLeoc have cuestioned the two decace c¢lc DE™S
garaci:m and arquec the neec for a new srchitecture based onr a
teceratior of loosely couplec databases [Hawmer anc McLeoc 15763,
The National Sureau ot Stamcards has groposed criteria for a nea
architecture [Jeffery et. al. 1979; Eerg 1578] not met by the
ANS I architecture. In this paper the concept of DB™S framework
is cevelcoped to adcress the above issues,




2e FRecuirements ot a DBMS Framework

There is ro doubt that the ANSI/SPARC report contributec to DEm™S
architecture and theory., The report, hcwever, raises some issues
that it ococes not address, and igncres others that it should.
This section gives some concepts that a framework shoulc incluce,
tut that were missing or deliberately left cut of the report.

lele Contritutions of the ANSI/SPARC Architecture

The ANSI/SPARC stucCy group on DBMS presentec a comprehensive view
of a DZvS from the highest (user) to thte lowest (ocevice) Llevel.
It icentified several important hvaan “roles*,; rrccessing
tuncticns; intertaces (human, sotftware and haroware); the flcw Ot
catay, cowmands, ¢rogram modules, arc descriptions between
grccesses and pecple; mechanisms fcr proaram preperation ang
execution; and finally the concept of a protctype data
cictiorary, The significant conclusions were that:

1« The particular database model was not important in the

srchitecture,

Ze There were three important Levels ot data ocefinition
(schema): external, conceptual, and internal, Moreover,
that their use improvec gata indegendence.

T, The Llevels ana their associated grocessing tunctions coulo
te associatec with proper playinc the roles of aprlication,
enterprise and database adminstrators respectively,

4, There must te mappings or transforaations betweer these
rultiple data definitions (schera) and thus in processing
the objects &s they pass to and trom the database.

2eZe Froblems of the ANSI/SPARC Approach

In the Light of more recent work, it is possible to develope an
epprcach that bpetter ftulfills the «criginal (and some new)
otjectives for characterizing a DBMS. The following ten (10)
issues were raised tut not resolved by the ANS] architecture,

1o Its Stryctural Apporach

The grcuc attempecd to fulfill their framework otjectives by
cefirirg a prototygical architecture. 2s an architecture, it rot
only told what a DB™S <cid, it alsc ingicated hgw such a DE™S
woulc te implementec, Their approach eads stryctyral in that it
emphized system structure over syster function. The resulting
architecture is not sufficiently abstract to te a framework. 1t
is overly complex (as indicated by the fact that only the central
thirc is discussed) anc does not accommodate all usable
imglementations (e.g9., a database machire or associative memcry).
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This leags to the first requirement for a gco¢ DEMS framework:

R

(3

quirement Nc. 1

A NBg¥sS framewcrk shoulc accommodate a spectrum of DBMS
architectures. It must not be degendent on hsroware oOr
scftware technclogy, to achieve longevity in terms of
r:zoid technolcgical advances., It must, however, GtCe
- atle to acccmmodate other levels of detail that are
associsted with some atstract or ccncrete machine,

-

¢s Structural Approach to Database Descripticns

In keering with the traditicnal structural approach, the ANS]
architecture emphiasizes structure over function with regard to
gatatase cefinitior., Schemas are described as ccnsasting ot
cescrigtions of database structure pluc security constraints anc
“Yagministrative fiats*, The data dictionary/directory consists
of similar structurat and ccntrol inforraticn.,

Recert research on semantic catabase mccels [Erodie 197Ff; PBiller
anc Neuhecld 1978, Hammer and McClecc 1978 catabase mocetling
[Brccie1679; Wasserman 195C; weber 197E&E-, DEMS implementation anc
catatase mapping [xlug1978; Papglini 1677, 168C) indicates the
need for more than simply structural information in the schema.
A schera shoulo cescribe the complete semantics of 2 view 0of the
catatace, Hence, it shoulo include the pasic functiors as well
as tre basic structures of catabase objects.

The cortent, nature, functicnality, anc relationships ot schemas,
schera prccessors, schema transforms, ord cata dictiorary of the
kNS Y irchitecture are liaple to alter in time, AlSo the various
humar "rcles" will change. This leads to & need ¢tor <chance in
the system structure, hence reqQuiring a new architectire. Thus
we have:

[

Regyirement Nge ¢

A DEMS ftramewcrk should accommodate (semantic) schemas
that describe function and structure.

2. Lack of Emphasis oo Qbliggts

The architecture characterizes various roles, human interfaces,
anc processing functions initiated trrough the intertfaces. It
voes nct make clear what objects are refered to by each function
hence the roles ano the interfaces are not easily ungerstoco.
for example, an applications prograsser deals with external
cdatatase objects while an application systems adminstrator deals
with <cbjects that constitute an internal schera. The




architecture also includes retationstips tetween processors.
These cetails should be of no direct ccrcern to people in roles,
The otjective of data indepcendence ircicates that peorle shoula
te ccncerned with what functions and ot jects are availatle, Thus
we have:

Regyirement Ng. 3:

Thre DEBMS framework must include the definition of ohich
functions refer to (use or generate) which objects by
means of which tanguage elements, In the functsionral
acprcach, objects are included exglicitly,

4o lmglieg £

[ &0

xed humber of Levels

The ANSI architecture distinguishes at least three schema levels:
externil, conceptual, and internal. The reports argue that the
cistinction was frace to facilitate og©gata 1incdependernrce. The
repcrts also indicate multiple Llevels of external schemas,
however, 3t is not clear how multiple external schemas (let alone
multiple levels) are accommodated.

Just as there are logical <consideraticns for having wmultigle
levels of external schemas, there are chysical or implementation
reascns for having multiple levels of irternal schamas. In toth
cases, distinguishing more Llevels or functional components may
contritute to data independence. The srecific numpber c¢f Llevels
of abstraction 1is an architectural cesign consideration not an
aspect of a DBMS framework., Thus we have:

Reauirement N¢

&

The 03%"S franmework should accosnodate an arbitrary
number of (evels of system compcrents. The levelling
of a particular DB¥S is an importart characteristic of
its architectire,

5¢ Fixed Rgles

The ANS] architectyure defines a number ¢t human roles. A role is
defired by a collection of functions needed to fulfill certain
taskss Hcwever, the aggregation of functions into specitic roles
is nrot sufficiently flexible to be a generic characterization,
As irdicated earlier, the rcoles are still evolving. Farticular
p8MSs agqaregate cr group functions differently to suprort roles
apgrcpriate to the philosophy of the systems,; the roles suppcrteo
by CCDASYL Llike systems (e.0., UNIVAC®s OMS 110C) are similar to
thcse in the architecture, whereas, SYSTE¥=-R supports gifferent
roles which are more in keeping with Ccaod”s principle of
homogereity or uniformity. Also, there is considerable research
aimec at automatinc some of the proposec human roles, Ihis need
tor 2 variation in roles prcouces:

10
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Reayirement Ngs 3

A 08¥S framewcrk shoulc te based ¢n functions rather
than gn their aggregation intc roles. The framework
srould not bias the initiation of the functions towardgs
humanrs or pieces of software,

t. Static Mappings

The iJrportance of mappings between objects was emphasized,
however, {ittle cetail was given. The interim report giscussey
static (i.e., structural) maps or transforms between object
"descriptors" in schemas, Research instigated ty the
architecture indicated the neeo for dyramic (i.e.y proceagurat) as
well as static maps. Maps may exist between languages, tunctions
(i.e.y procgrams) arJd database objects. Maps <¢can be useg in
estatlishing equivelence, subsets, “ises" [Parnas 19723 anc
gescrictive refatignships between objectss Such 3 spectrum of
mapgs is not reflectea in the ANS] architecture., TYhus:

Requirement Ncs 63
D

&v¥S framewcrk should accommodate a spectrum ¢t @aps
by indicating potential retaticrships and 1ignoring
details of how a map is realized.

7« Lack of Emphasis on Languages/jntectsces

The architecture ccntained cover fourty interfaces between roles
ano processing facilities. Textual cescriptions of interfaces
gescricvec the objects and orerations, tiLl there was l(ittle detail
on the nature of the language {(i.e., the forms of its syntax, the
usage rode, or the way 1in which specific functions coulc be
initiated). This leads to:

g

(3
mte
| 24

guirement Ng. 7:

A DBYS frameswork should accommccate a spectrum of
1 3nguages or intertaces, A language is characterized
by some abstract syntax and 1is Lse? tc express and

iritiate tfunctions aver DB™S objects.,

te The Nature of the Darabase Qigtionacy

The ccncept of @ database dictionary/cirectory (tp/p) as
gresentec in the architecture is somewrat nraive. The concert ot
& J0/C has long ceen known to have mcre potential thanm as 4
regccsitory for sSchewas ana their relationships. In fact, the
idea of a directory for distribyted systems, cf a muyltiplicity ot
catatase rmodels, etc. have all been seen as cart ana parcel ot
the meta Jatabase -~ which may or may not by implementecd within

11




the sare 038%S (though there are obvious advantages for coing so).
These "ore recent ideas were excluded, giving rise tc:

Requirement Ng. &:

A 9B*S framework should accommocate a wmuch  higher
p*ilosophy ct meta objects and their control,
functionality and relationships. The meta objects have
a distinct relationship to the objects they descrite,
ard the concept of higher semantics of data shoulc be
easy to incorgorate.

9. Urresolved Conceptual and External Jssues

The architecture raisec a number cf problems concerning
conceptual and external schemas:
T. «hat is a conceptual schema structure ?
2. 1s there 3 conceptual database, and if so, are there
conceptual functions ?
T, are external schemas always magced through the conceptual
schema ?
4. Are external schemas subsets cr cderivations of the
conceptual schema ?
The architecture dces not prcvide an arswer for these auestions:
researchers have examined many c¢f the alternatives. In
carticular, there are good reasons tc support wmultiple (tut
eauivelent) concegtual schemas as oppcsed to a single concepgtual
schema in the ANSI architecture, This leads to:

Rcayirement Nge §

A DBY¥S framework should accommccate a spectrum of
cenceptual anc external Llevels.

15. distribyted Datapases

The architecture did not attempt to address the protlee of
cistritutea systers. It contains single conceptual ang internal
schemas., However, for performance reascns, such as those that
arise in 4istrubuted systems, partitionrs, replications cr partial
transfcrmations of the internal schema might be distributed witn
the cata, leading to:

Reguirement N¢g. I1C:

A DBMS framework should acconmooate distrituted

dstabases through permitting eoultiple schemas and
ditabases at the internal, concegtual, and external
levels.




3o The Functional framework

1.1, The Ffunctional Approach

& ccrputer based system can be described in terms of the
functicns it operforms anc the objects over which the tunctions
operate. Frequently a dichotomy arises; the traditicnal approach
to catabase managesent has emphasize¢c structural descripticns
(eegeey schemas) whereas the approach tc procraeming languages has
empchasized behavicural descriptions (eegey data abstraction).
tut ty considering a primative Turning *achine, it s apparent
that reither states nor the state trensitions alone provice an
adectate characterization. 1Indeed the benefits of structural
versus behavioural representations of krowledge have teen getated
extersively in artificial intellegence without rescluticn,

In the approacn taken here both functicrs (behaviour) ang objects
(structure) are irtegrated in one framework, Functions ana
objects are closely related, and functions are relatec to cther
functicns through cbjects, while objects are relateg to each

other via functicns, Objects can te reatizec only throuagh
tuncticns and functions have no meaning with out objects. In the
algetraic speciftication technique [Gittag 16751 functionat

comccsition is agplied to objects (cr states S) to produce nrew
Objects (ioeo' fO(S). f1(f0(5))' coeoy fr( ..o t0(S) eesl)e The
apgrcach taken here permits both sices of the function versus
object dichotomy but balances one with the other,

The fturctional frarmework is thus a paracigm or model of a DEMS in

terrs of its turctional components and their potential
relaticnships. The functiornal aspect 11s derivec from datas
abstracticn in whkich objects are cefined ccmpletely ang

abstractly by the functions availatle on them, The component
ascect is derived from the rocular apprcach to the corstruction
ct software systems, A functional component is <cefined by
lancuaze functions, and objects. The functicnal compcnent Yy
representes as in figure 2.

]
1

Oy

Frame 2: FuncTionaL COMPONENT ScHEMATIC
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The furctions Fx are the operations to be performec by the
compcnent, The objects Cx are those detined by (i.e., realtizatle
thrcugh) the functions. Ffx and Ox corstitute the "semantics” or
meaninc of componert "X, The language Lx is the means through
which the functions are initiated and tre objects are retererced.
Lx corstitutes the gsyntax ot the functioral component "Xx". In
Figure 2, the Line Lx---=Fx can be reac as "initiates”. The [ine
Fx=--=-=Cx means '"uses" or references,

A functional comporent defines what functions are to be perfcrmeo
on what <cojects. Details ot how finctions or objects are
realized are excluced frcm 2 single comgonent but may be
exgressed through the potential relaticrships among components.
Exargrles are showm in Figure 3.

;a:aL AlRUINE RESERVATION

L RESERVATION LANGUAGE
ScHem DEFINITION, RESERVATION FUNCTIONS
ETC. ONS
ScHeom BUECTS SEATS, FLIGHTS, FARES,
SCHEDLES. ETC.

Fiame 3: FuncTioNaL COMPONENT EXAMPLES

In crder to answer the question: What functional components

constitute the D3MS framework, it is necessary to:
1. Consider all otjects of interest to the DEMS,.

2. Consider what tasic or funcamental functions can te apcliec
to any of these cbjects.

', tevelore the framesork by ctonsidering each basic function
over each objecte This groduces : matrix of objects versus
functions ir which each entry recresents a3 tunctional
compgonent Lx-~===fFyxy====Cx,

2ecoe '..bjects in a DEMS

There are two kinds of objects., first there are otjects
asscciated directly with the application ocatatase (i.e., the
cgatatase itself, thke database schema, ancd programs over the
catatasze). Seconc, there are objects indirectly associated with
the d-tatase, primarily fcr control reasons (i.e., access
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control, system logs, data dictionary),

First, consider cbjects asscciatec directly with the acplication
catatase, There are three types ct Llevel called extgrnal,
songeptual, ana internal rescectively,

J.2¢1. External Objects

These consist ot all Llogical, application specific, objects
(i.e., entities, relationships, functions) of interest tg a
particular application or user group (i.eey all objects refereg
to ¢ty functions meaningful to a given application), External
oojects are derivec from (i.e.y, mappable to) conceptual objects.
They constitute "external" <ogatabases, and are ocefined in an
“exterral” schemas.,

There 73y pe many external databases anc schermas; toth different
externsl schemas for one ccnceptual schems and different levels
of external schemas on any given conceptual schema. The purpose
of the external level is to provide problem oriented cbjects in
the rmost convenient manner to a user group and facilitate
mocification and creation of applicétion oriented cbjects in
agreement with the evolving needs of the enterprise. External
cbjects are, of course, realized throught externat functions.

Je2ece Conceptual Objects

Conceptual objects are those (logical cbjects (e.g.y, entities,
relaticnships, functions) of interest tc an enterprise, (1.0., to

all current anu potential applicaticns)., At a3 minimum, the
conceptual otjects are those from which all current external
cnjects are deriveag. Conceptual otjects have the properties

comwcn to all external objects but nct the peculiarities of
particular external “views”. Conceptual objects are cefined irn a
conceptual schema and constitute the conceptual datatase. The
conceptual database may never be realizea since there may be no
lanquade through which to initiate ccrceptual functiors. There
may be many “eouivalent”™ —conceptual schemas cver the same
conceptual database. These would aiffer only in the database
mocel used to defire the schema.

The gurpose of the conceptual level is to support the cefinition
anc ccntrol of objects of interest to an enterprise to achieve a
degree of data independence. In particielar, it provides a casis
for corsistency anc semantic untegrity ct external levels [Srocie
1972]] and provides a level of indirection betyeen internal ang
externsl levelse.

1.203. Irternal Otjects

Internil objects are all those used by the DpEMS to implement
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conceptual and external otjects (e.g., records, files, access
caths, indexes, anc utilities), The reqguirements for internal
cbjects are estatlished primarily ty the oproperties of the
external and conceptual otjects anc by the implementation
ghilcscphye. They are cefined in an internal schema ang
constitute an internal database. As with external schemas, there
may te difterent irternal schemas for cre conceptual schema, 1t
is tfrequently the case that there are several layers of
abstracticn or internal levels associated with each “internal
view"

The internal levels are the Llayers of abstraction usec to
implement conceptiLal and external databases on some underlying
abstract machine,

2e2e44s External, Conceptual, and Interral Levels

In cenerat, a D®MS can have multiple external, conceptual, ang
internul levels., There may be wultiple, cCtut equivalent
conceptual schemas over one conceptual catatase. For both the
external and internal Llevels there ray be multiple, cifferent
“"views"”, as well as a number of Levels for each “view"”. Figure &
illustrates some of the possibilities.
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The architecture of 3 particular DB™S may include any number of
levels (incluaing one or two in whichk case the terms external,
conceptual and internal do not readily apply)de Particutar levels
may te truly concegtyals io€e, ObDjects are never realized (as was
ocrizinally intended for the conceptral level of the ANS]
architecture). Fcr example, DMS110(C conceptual objects, those
cetired using the schema D0ODL, are rever realizec. Database
objects are realizatle onrly through the OML which refers to
external oojects, those defined using stbschema pDL., Ir SYSTEM-R
however, conceptual cbjects are actual. Ffunctions can be apgliec
to (tase) tables tc realize them,

3e2e.5¢ System Objects

System ot jects are those useog by the DES to support the data
managerent functicns over the external, corceptual, anc internal
otjects (eegey 3ccess profiles, data dictionaries, syster Llogs,
anc messages), Typically, system <ctjects are defined in the
system 3nd are modified by the system c¢nly. future DB¥Ss may
grovide more control over system objects. Ffor example, system
cbjects irn SYSTEm=-R, such as the table cvsea to store information
on relations {in the datatase, are gpredefined ©Cut, with the
apgprcpriate authorization, can be mooified, Many systers prcvide
some cdefinitional facility for system objects through systes
generation,

3.3. ZCasic DBMS Otjects

The frimework provides for a 0BMS with zero or more of each type
c* fevel, (e.qge., rultiple external, conceptual, anc internal
levels or a single level), Each level has three specific kinds
of <ctijects associatec with it: data cbjects (agatabase), octject
cescrictions (scherad, and function cescrigtions for prcqram
transfcrmations over the catabase, Ir the case of the external
tevel, there are external objects, external object cescriptions,
ans external function descriptions,

The tasic DaMS objects are given in the following table:

1?




1« External ObDjects objects cf interest to an
application
de External object objects which detine external
Descriptions objects
3¢ External Function programs which define
Cescriptions applicatior functions e |
4« Corceptual Objects objects of interest to . T
the enterprise 1;
Se Corceptual Object objects which define
Description conceptual objects ;
¢« Corcectual Function programs which cefine
Lescription conceptual datatase
functions
7. Internal Objects objects useao to implement
conceptual and external
objects
e Intermal Object otjects which define
Cescription external otjects
9. Internal Function programs which getine
Lescription internalt functions
12+ Access Profiles objects used to control

accesss. These objects
describe the conditions
under which users

C(huasén or programs) can
use functicnal comcorents
(i.e.y what language
elenents, functions, and
objects are accessable.

11, Data Cictionary objects used to cdescribe
objects in the DEMS

12, Syster Logs objects used by the system to
monitor and maintain
0OBMS objects and functions

17. Messages objects passecd tetween
functional compgonerts

It is imgcrtant to recall that a DOYMS framework 1is a3 generic
characterization ctf DdBMSs. A particilar DB™S may have only a
sutcet of the above objects or may have wmore. The objects
presented above are viewed as basic to a DBMS.




It is rossible to have objects which describe systerm control
objects 10 thru 13, however we€ assime that these are virtual
(eesey No tunctions are available to detine them), These objects
coculc be added in order to describe a DEMS that provices such
tunctiznal componerts,

Jeide. 2asic functicns

we take a uniforms approach to DBMS functions in which we apply a
set of tasic functions tec all objects in the DE¥S. Fcr example
the apgroach accomodates wmodification functions over database
cbjects, Object ard program descripticr, and even datatase mogetl
oojects (i,e, the constituent objects of a datatase wmcoel),
Current D3“Ss support the modificaticr of database objects. (In
self-orgarizing systems such modificaticns leag to mocification
cf schkema objects)., Some systems, €.5e9 SYSTEM-R, suprort the
mocitficatiun of schema objects. Sches: modifications Lleac to
mocitication of catatase cgbjects but co rot (to our knowledge)
lead tc modificaticns of database mccel objects. A research
system (Hardgrave and Sibley 1979) sugports the mocificaticn ot
gatatase wodel objects (i.e., Oone can <cefine and redefine the
uatatase mgdel). Dstabase mccel modifications cause modifications
to toth schema arnd datasbase gobjects. Plthough the nature of the
tasic functions is the same, their etfects and sice effects on
the wvaricus objects of the DBMS vary sitstantially. That is, the
semartics of the functions depena on the nature of the cbjects to
which they are appolied,
The ten tasic functicns are:

1« Create - initiate or estatlish an object
¢e GCrco -~ elliminate or destroy and object
. Asspciate == enter an object irto some

relaticenship with other otjects

€.J3.y CONNect ONne oOobject to anothere.
4. Dissociate -~ remoye an object irom sonme

relationship with other objects,

€.3Jey disconnect cne object frcm ancther.
fe Lp:ate -- nodify the contents of an object
¢s. DfNerive - deduce and create an object frcm

other objects, €.Cey COpy is tte

simplest such furctior.

Te Querry - read and present cbjects based on
logical criteria, €e.g9., search anc
display

Ee C(Composite ~-- a high level operation defined by

Furctian structured sequerce of tasic
functicons 1 to 7.

S« FKezort -~ generate a report concerning namec
objects, €eGey duLmpe

17. Aprty - apply some criteria to named objects

Criterion €edey veriticaticry valigation,
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stastical analysis, applying
intergrity constréint.,

1.5 Languages

A largrage in 3 furctional ccmponent has two purposes. First,
the language is usec to express functicns over objects. Second,
the larguage is used to initiate or prccuce the efftect o¢ the

exgressec functiorse- For a given fynction over given objects
there =must be scme syntax for their expression. whereas
functicns and objects can be described abstractly, language
ascectsy Ye®ay Syntax is more coOnNcrete. How the larguage is
impglementeqg, €eCe bincing time, ccapilation versus
interpretation, are architectural issues not aagdressec in the
framewcrke. The framework coes not imply particular language

features , rather it accommogates 3 spectrum of languages, e€e.G.,
hosty, self- containea, parametric, The framework emphasizes the
impcrtence of the interface the language provides anc the need to
cescrite the intertace for a particular DBMS,

a0 functional Ccmponent PMPatrix

Eacr ertry in the following matrix (Figure S) incicates a
potential functioral component defined by language, functions,
anc objectse A particular DB8MS may realize a basic tunction
thrcugh one of more language statements,

Ropl
FUNCT 10NS Di Compos- polv
Create | Orop | Asso- §D'$s0- | ypqate {Derive | OQuerv | ite {Report ko .eopinn
ORJECTS — clate | ciate fupcti

Externral objects

External object description

External function description

Conceptual objects

Conceptual object descriptions

Conceptual function descriptiong

[nternal objects 1

Interns! object descriptions

Interna) function descriptions

Access Profiles

Data Dictionary Objects

System Objects

Messages

figure-5: functional Component Matrix
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Agair, we emphasize that the external, internal, anc conceptual
Levels c¢an be repgeated 1ero Of mcre times as needea. Also,
cbjects can be added to or taken out of the framewcrk. The
functicnal components cescribeg above are considered tasic ir a
pa*S. hcwever, t he framewcrk provices for the adcition ot
tuncticnal componenrts which may be user-cdefineg.

3.7 celationships Between functional (ompcnents

The relationships amongst functional cceponents is an impcrtant

characteristic of any computer~basec sSystem. The specitic
relaticnships for D0BMS have been eaphasized Ly researchers
workin: on DBMS architecture in g¢eneral ana by the ANS ]

architecture in garticulare., Hence, tre relationships must be
scccrmcdated in the DBMS framework.

EecauLse c* the apstract nature ot the framewOrk, a spectruynm ot

relaticnshics s needed. Consider two functional components &
ang . They may be related through one or more of the maps ofr
trarsfcrms (indicatea by ===) in Figure 6.

Ly L,

F FY

0y 0,

FiGURE 6: POTENTIAL RELATIONSHIPS BETWEEN FUNCTIONAL COMPONENTS

The sacs Tay be used to estatlish eauivelence, cerivaticn, siubset
or “uscs" relationships which may be Llceical or implerentational.
inotrer important tyge of relationship is that the two components
7ay te grouped tc torm one ccmponent, 1he tanguage Lx may mac to
Ly or ~irectly initiate Fy. The functicns Fx may map to Ffy oOrf
oirectly ocerate on fy. Finatly, the object {x ctan be maopgceu
directly to Oy. These potential relationshics acoly to all
tuncticnal components, e.9s.y those fcr datatase objects. ocject
cescriptions, function descriptions, anc system control objects.
ALl potential relationships will be incicated in the framework by
the couble line in Figure 7 which is mcre abstract than Figure &,




This diagram is abstract in that it incicates the en’;tence cft a
relaticnship or mag but not HCw the mag is to bpe realizec.

Y
Ly L,
1 |
x  peece—
|
0, 0,

Fi16urRe 7: FUNCTIONAL LOMPONENT RELATIONSHIP SCHEMATIC




Lo furctional Anatlysis o D0EM™Ss
The <ccncepts of ©0BMS framework anc DBMS architecture are
orthcqgcnal. That isy gqiven ftunctional componerts car be

implemented in different architectures and a given architecture
coulc be wusea tc implement gifferent functional components. A
08MS framework permits the analysis ¢t actual and potential
D8MSse. A major dgifference between DBMSs 3s the way in which
tuncticnal componerts are aggregated irto system components for
implementation purposes anc the ways in which the System
compgcnents are related. The architectial issues unnecessarily
complicate ND8BMS comparisons and DE“S sténdards development.

The furctional frarsework can te appliec to DBMSs ingepencently ot
garticelar architectures, Subsegquertly, the corresponding
functiconal components can be composed, again independently of
their underlyinaog architectures. This aralysis has been gone for
UNIVAC°s D“S 1119(C, CODASYL s 1978 tbL, ANSI/X3/H2°s DDL anc
SYSTEM R Tirodie 1538C1J.

The fraimework can te used to develop system architecture. Systen
recuirements can be specifiec in terms cf functionat components.

These reJuirements can te met by different architectures,
Architectural design decisions concern the asgregation ot
functicnal compcnents intg systen cosponents and the

relationships amongst system components. Key factors 1in these
cecisizcns are:
(i) modularity and lLlayers of absraction for implementation
and maintenance reasons, 1.6, Cata incependence;
(i) human factors; and
tiii) the desire to support certain “rules” by
groviging through one language, the functions necessary
to fulfill the-role.

The furctional framework can be used tc characterize bcth the
functicnality and architecture of systems., For example, mcst
grocrasming language systems can be characterized ty Fiqure ¢,

L insTance Lryee
h |

FinsTance Fevee

Ornstance Oryee

FiGure 8: PROGRAMMING LANGUAGE FuNcTIONAL COMPONENTS
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Langua:es in which types and instarces are difficult or
impcssible to distinquish (e.ge LISF) may De characterizec
cifterently, vize,

[SP

Lisp

LIsP

Lisp

Ficure 9: LISP FuncTionaL COMPONENT

So far, we have discussed "horizontal" aggregation or collagsing
of functional components into system components. There is also
“vertical” collagsing in which functiors ard the objects they
refererce are incistinguishable. Ir LISP ( Figure 9) the
tuncticns and objects shoula be ccllapsed since they are
ingitirguishable except when the L1SP interpreter 1S teing
appliec. Lncder interpretaticn, the functions are tnen the objects
seer as grocedures being appled and the objects are the otbtjects
of the application ot the procedure.

The CONESYL approach to cgataktases is cheracterized by Figure 1C.

DATA META DATA (SCHEMA)
DML DDL
FDML FDDL
ODHL ODDL

Ficure 10: FuncTionaL ComponenTs oF CODASYL-Like DBMS's




The relatioral approach to databases differs fundamertally with
its CNDASYL apprcach, The difference may be illustrated in the
functicnality of SQL and GQBE. fFollowing C(odo“s notion of
hromcgereity, the distinction between DDL and DML is not as
precise as in the CODASYL approach. Furthermore, SQ(L provides 3
unifcrm treotment of data oojcets anc data object descripticns
(schema). That is, the two functional components in the CCDASY,
ciagrar are collapsec into cne as is illustrated in Figure 11 for
the languages SQL and QBE supported by SYSTEM R ([(Blasger 1976],

seL 2B E
LSN, LQBE
.
FSQL QBE
0SQI. OQBE

Freure 11: SQL anp 9ne FuncTiONAL COMPONENTS

There is 3 degree cf verticat collapsirg in System R since there
is rot a clear distinction betweer functions anc relations.
Views are definec (ang maintained) as functions but are
considered by users as relations. In this sense, System R is more
similar tc LISP than the CODASYL aporoache

~_

"RDs

|

ORDS

FiGure 12:(PaRTIAL) ARCHITECTURE OF System R,

1n SYSTEM R, RDS (Relational Data Systes) provides the functions
ang otjects realized through SQL anc GBE. 1In the architecture
scheratic (Figure 12), the functions fsaql arad Fabe have been
collapsed as well as the objects, however the lLanguages are
oistincet,
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€e Furctional Analysis of the ANS] Arclitecture

In this section, the tunctional frasework is used to
ctharacterized the ANS! architecture. As was discussec (Section
2)y the functional approach differs frce that taken for the ANS]
architecture, Therefore, the following conventions are usec:

(i)Y anS] interfaces correspond to tanguages,

(ii) aNS] roles are groupings of furctions implemented
by the prccessors manipulated ty the ANSI processing .
funct ion.,

The termirology anc “"interface numbers” are taken directly from
the repcrts [ANSI 1675; Tsichritzis and Klug 1678]). For bctn
trevity and abstraction, the roles will Le illustrateag,
interf:ces betweenrn system ccmponents will not te ccnsiderede. The
charcterization presented here is purely diagramatic, it Llacks
the recessary textual descriptions to cefine the compcnets but
which can be fourd in the reportse. Thke ANST architeciure can be
vhare.terizec in term of functional components ard their
potentisa. relatiorships. Ffigure 13 illustrates tnose functioral
comgenents related directly to database anag schema objects.
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Figure 14 illustrates a class of possitle architectures.

DATABASE SCHEMA/DATA DICTIONARY
| A EXTERNAL ]
I
: ; i __CONCEPTUAS
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~ 1
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Figure 14: Relationships in the ANSI Architecture




1l architecture,

To te consistent with the A specific rather than
a spectrum of relationships c¢an be shown, Figure 15 is a
detailed tuncticnal compcnent schtematic for the ANS ]
architecture,
13 3 1 3 4
Database Datadase Enterprize Applications Applications
Admin. Admin. Admin, Admin, Admin,
Internal Conceptua) ExtJrnal
Schema S]un —————— _Schema
14 2 5
Application —_—
\\\\\ Programmer
DD/D Furctions
Report —————— e 8
Specifier
00/0 Objects
6 APPLICATION/
! SYSTEM Programmer Inquiry — 9
Specifier
Internal EXTERNAL
Database DATABASE
17— _Operaticns / Update ~————— 10
Personnel Specifier
Parametric il
User
Figure 15: Ffunctiona! Schamatic of the ANS! Architecture
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€e Conclusion

In this paper, it has bteen argued that analysis anag comcarison of
C3I®Ss recessitates an abstract DBY“S characterization. To cate,
such armalyses anc compariscns, notaktly the ANSI architecture,
have <teen wunnecessarily complicatec by implemenation or
architectural detailse. Architectural incepengence as well as
nine other requiresents for a DBMS framework were Jdiscussed.

The cortributions cf this paper are a cistinction between DEMS
framewcrk ard DBMS architecture, and a functional DB™S tramework,
The framework was developed using a furctional apprcach in whicn
a ccaputer system is specified abstractly in terms of functional
compcnents. A ftunctional component consists of onre or mcre
functicns over definecd objects with somse form of abstract syntax
with which to initiate the functions. The functional apcroacn
adcresses both the btehavioral and structural aspects of a
computer system, The approach is basec on notians of mocularity,
ang daeta abstraction developeo in rprogramming Llanguage ang
software enaineerirg research,

The sdvantages of the functional apprcach apoly at both the
acstract, framewcrk level and the implementation-oriented,
architectural lLevel, Indeec, the aggroach was developec to
facilitate the design of computer software in layers of
abstracticen from & wuser-oriented abstract (evel down to an
uncertying abstract or concrete machine. There are at least
eight tenefits, cot. [Horning 19761]:

1« Repetition -=- furctional corgonents can be definec
once and used repeatecly.
ce Mciilarity -= the cancept of a functional corponent

aids in decomgpcsing complex systems
into meaningful units.

3. Stricture -=- functional cowmconents aid in the design
and implementation of complex systems.
4e Ccnceptual UNnits -=- the functional approach emphizes

recuirements cr goals (what) rather than
specitic implenentation (how) which
facilitates yrcerstancing.

Se tgecification ~= a functional ccmponent provides an
abstract but precise specification of
the properties of a systenm,

ée Mairterance -= functional corgponents aid in isolating
anc correcting errorse.

7. Extension -~ functional components can be used t¢
add new components tOo 3 system.

¢e lrdcperdence -= functional comgonents with well

defined relaticnships support
system modificétion through such
teatures as secarate compilaticn.




The tunctional frawework was designeo tc fultill the recuirements
set for 03MS frameworks. The tramework is based on functions,
objects, and Llanguages - the '‘constituents of a functional
corgccnents - rather than being based on specific aggregatiors of
functions iinto rcles with interfaces to processors that operate
on implied objects. It accommodates a spectrum of architectures
since it 1s indepencent of architecturzl issues. Im particutar,
it accommodates a spectrum of maps rather than specific
relaticnships which determine a DBMS architecture, The spectrum
of maps permits a arbitrary number of Llevels of external,

concectual, anag internal schemas , e.g.y it adccommodates
gistritutea databases, Schemas defininc structure and behaviour
are scupported. The approach Lleads to and accommooates the

evolving concepts of data dictionary/directory. These and <cther
Ltenefits have been demonstrated. A scre detailec demcnstration
of functional anaysis, including the wuse of the functional
compcneant matrix, is presented in [Brocie 19873,

The furctioral framework also satisfies recuirements proposec for
DB™S architectures in [Jeffery et atl. 19793, The tunctional
framewcrk emphasizes components and s simpler than the AAS]
architectures It germits concentratior on specific furctional
cormpcnents in isolation. The functional component matriax
incltudes all features proposed for a DEMS and provides for
user-oriented comgonents. The Levels of abstraction approach
accoemcdate any levels of "capability”.

An irtrresting reaqvLirement is the need for a 0BMS architecture to
accormcdate database concepts ang termirology. It has teen shcwun
that the functional framework accommodates conventional database
concepts and terms, e.gey those introduced Lty the ANS]
architecture. The functional framework also accomsmocates the
concept of databtase model.

Only one research system, the catabase rodel processor [Hardgrave
ang Sibley 1979 supports the defintion of new datatase mogels,
This corcent <can be accomrodated in thke functional framework by
adoirg a functional component for datatase mocelse. The otjects
cf such a component are the generic descriptions of schema
objects, e.a3, the relation anc tuple ccrcepts in the relational
datatase wmocdel and the record type anc set type concepts ‘n the
C2DASYL moael. Sowe subset of the ©basic functions woula De
cefirec over the objects. figure 1€ represents a DPMS with a
gytatase model component.

databese Schema ~—dAtabace nodel
L L L
f F F
database objects schama objects descriptions of schema
objects

figure 16: Functional Camponents of a Universa) DBMS
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